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' /* - .*'1 
/ ' ./ /2* 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) /# '*)"$/0$)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3$.ǚ $/ $. '.* ''  /# .4)#-*)*0.
+-/$' ǚ . $/ $. .4)#-*)*0. /* /# -$* !- ,0 )4 Ǹǹ .4./ ( ) '24. --$1 .
/ /# .(  +#. Ǚ *  1 -4 +-/$' #. xǚ y ) z **-$)/ . - '/$1 /* /# 
.4)#-*)*0. +-/$' Ǚ # s 3$. $. '*)" /# +-/$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% /*-4ǚ 2#$' /# z 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) y ) /# - !*- /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. /# 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/$1$./$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 $- / *. -1/$*) /* ( .0- /# 
' )"/# *- +-*ƞ' $. 0.0''4 )*/ +-/$'ǚ 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' $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(*./'4 *) $) /$( ǰ*(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) *.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*+ /-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*! /$( Ǚ *- 0'/-ǰ- '/$1$./$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*)1 -/  /* ) 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ƶ
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zs = −czt. ǺƱǙƵǻ
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.0-  1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/0-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0)# ' )"/# $. 0. Ǚ .+ $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$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/& ) *! /# $ơ - )/ .$") *)1 )/$*)Ǚ 
) /#$. /# .$.ǚ 2# - 1 - ++'$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/# 0)# $. /* /# -$"#/Ǚ
) /# */# - #)ǚ .  1'0 . 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ơ 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0)#
' )"/# σ5,. ) /# 0)# 0-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- $- 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σ5,. = cσ5,/ ǺƱǙƶǻ
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10 8 6 4 2 0 -2 -4 -6 -8 -10
Time z t / ps
-3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0
Position z s / mm
-4 -3 -2 -1 0 1 2 3 4
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RXj avM+?`QMQmb S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# .4)#-*)*0. +-/$'  .-$  *1 $. 0.  .  - ! - ) )*/ *)'4 !*- /# .+/$'
**-$)/ . 0/ '.* !*- 1'0 . '$& +-/$'  ) -"4 Eǚ - 1*'0/$*) /$( T ǚ +/# ' )"/#
L *- --$1' /$( +#. ψǙ # ,0)/$/$ . )   3+- ..  - '/$1 '4 /* /# - ! - ) ǚ
2# - /# .0.-$+/ 0  )*/ . /# .4)#-*)*0. +-/$' 
ΔE = E − Eƥ, ǺƱǙƷǻ
ΔL = L− Lƥ, ǺƱǙƸǻ
Δψ = ψ − ψƥ, ǺƱǙƹǻ
ΔT = T − Tƥ. ǺƱǙƱưǻ
Ƹ
ƱǙƴ '/-ǰ '/$1$./$ ++-*3$(/$*).
RX9 lHi`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iBQMb
#$. 2*-& #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/-*).
-  ' -/  '*. /* /# .+   *! '$"#/Ǚ / - '/$1$./$ .+  .ǚ /# 1 '*$/4 v $. *Ơ )
"$1 ) .  !-/$*) *! /# .+   *! '$"#/ cǛ β = vc Ǚ  -4 '*. /* /# .+   *! '$"#/ǚ $/ $.







2# - E $. /# +-/$' ǧ. /*/'  ) -"4 ) E- ./ $/.  ) -"4 / - ./Ǚ # - '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/# +-/$' ǧ. (*( )/0( p $. E =
√
p2c2 + E2- ./Ǚ *- '' ./0$  +-/$'  ) -"$ .ǚ
E  E- ./ ) /# - !*- ǚ /# !*''*2$)" ++-*3$(/$*). - 0.  $) /# !*''*2$)"
β ≈ 1, ǺƱǙƱƲǻ
v ≈ c, ǺƱǙƱƳǻ
E ≈ pc. ǺƱǙƱƴǻ
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/ /# 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pˆ(x, y) = $(x)$(y)− $(x)$(y), ǺƲǙƹǻ
qˆ(x, y) = $(x)$′(y)− $(x)$′(y), ǺƲǙƱưǻ
rˆ(x, y) = $′(x)$(y)− $′(x)$(y), ǺƲǙƱƱǻ
sˆ(x, y) = $′(x)$′(y)− $′(x)$′(y), ǺƲǙƱƲǻ
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$′ (μ)$ (ξ)− $ (ξ)$′ (μ)ξ
]
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1 THz 10 THz 100 THz 1 PHz 10 PHz 100 PHz 1 EHz 10 EHz
Frequency
10 pm100 pm1 nm10 nm100 nm1 µm10 µm100 µm
Wavelength
VIS
 E: 0.5 GeV
 E: 1.3 GeV
 E: 2.5 GeV
 E: ∞
0.5 GeV 1.3 GeV 2.5 GeV
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i(t)e− % 2πftt = e
∑
k=1
e− % 2πftk . ǺƳǙƳǻ
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e− % 2πftke% 2πftl = e2 + e2
∑
k =l
e− % 2πf(tk−tl). ǺƳǙƴǻ
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e− % 2πf(tk−tl)p(tk)p(tl)tktl. ǺƳǙƵǻ
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∣∣∣∣2 = 12e2 |(f)|2 , ǺƳǙƷǻ
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Time / ps
 Measured bunch profile
 Gaussian bunch, 5 ps RMS
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Parallel plates shielding
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100 GHz 1 THz 10 THz 100 THz
Frequency
  Edge radiation of two bending magnet edges
  Bending radiation between parallel plates radiated into 45 mrad
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 Two edges field
 Constant field
Straight section ≈ 4.8 m Photon be
am path
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M2 (Toroid, to hor.) 




M3 (= M2, down to vert) 









M1 (Flat, up to vert.) 








62 mm after 
BM-iron-edge
M4 (Flat, left to hor.) 
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Relative intensity to individual maximum at 86mm
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beam = primary winding wire = secondary windings
inductance L
R
Simplied equivalent  circuit
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 Beam current measurement
 Double exponential fit
 Difference (measurement - fit)
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  MBI threshold
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Bunch current / mA
 Optical APD
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Bunch current / mA
 Average amplitude
 STD
 (AVG/STD) / 10
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fS    = 7.1 kHz
VRF = 1498 kV
αc    = 2e-4
σz,0 = 2.1 ps
∏    = 0.73
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micro-bunching instabilityweak instability stablestable
  Average pulse amplitude
 STD of pulse amplitude
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Bunch current (A)
 D1:    90 - 140 GHz
 D2:  140 - 225 GHz
 D3:  225 - 330 GHz
 D4:  330 - 500 GHz
MBI threshold
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1 THz
Frequency
 100 µA,   5 ps
 200 µA,   5.2 ps
 400 µA,   6.7 ps
 800 µA,   10.9 ps
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 Quadratic behavior
MBI threshold
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 D1 (90 - 140 GHz)  
 D2 (140 - 220 GHz)  
 D3 (220 - 325 GHz) x5
 D4 (325 - 500 GHz) x10
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x10
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 D1 (90 - 140 GHz)  D3 (220 - 325 GHz) x25
 D2(140 - 220 GHz) x5  D4 (325 - 500 GHz) x100
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Charge Density Difference / mC/eV/s
D1 D2 D3 D4
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Frequency relative / kHz
Harmonic number: 96234
3 dB bandwidth: 1130 Hz
 Measurement
 Gaussian fit
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δ (t− pT0 − τs 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Argument of Bessel function
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Argument of the Bessel functions
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Synchrotron frequency sideband number
Argument of Bessel Function:  0.5    2.4048    10
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Bunch arrival time / ps
3.532.521.510.50
Synchrotron frequency amplitude / ps
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fs = 12.75 kHz
VRF = 1400 kV
αc = 6.1e-4
σz,0 = 3.8 ps
Ith = 0.23 mA
$"0- ƸǙƱưǛ + /-*"-(( .0-  2$/#    / /*- . ).$/$1  /2  ) ƲƲư	5 /* ƳƳư	5 .$(0'/) ǰ
*0.'4 /* /# ($3 -Ǚ # #*-$5*)/' .#  '$) .  )*/ /# 0-./$)" /#- .#*' ) /# /-).$/$*) /* /# 
.2/**/# 0-./$)" - "$( / #$"# 0-- )/.Ǚ
# ( .0-  1 -" +0'. (+'$/0 *! /#   / /*- /*" /# - 2$/# /# +*2 -
( .0-  2$/# /# ($3 - $. .#*2) $) $" ƸǙƱƱǙ  - .*'0/$*) )2$/# Ǻǻ *! Ʊư &	5
ƱƵƴ
ƸǙƶ *(+-$.*)  /2  ) $* ) $3 - *2 -
2. #*. )ǚ $) *- - /*  ' /* .)  -* -)" $)  - .*)' (*0)/ *! /$( Ǚ
* $)- . /# .//$./$. !*- ) 1 -"  / /  +*2 -ǚ /# !- ,0 )4 + &. $)  Ʊ	5
-*) #1   ) )'45 Ǚ $-./ǚ  &"-*0) .+ /-0(2. /& ) 2$/#  '*. 
 ('$) .*- -Ǚ Ơ - .0/-/$)" /# &"-*0) +*2 -ǚ /# +*2 - *!  # + &
2. $)/ "-/  ) $1$  4 /# Ǚ Ơ -2-.ǚ /# +*2 - $. )*-('$5  4 /# 
ƷƳƸ #-(*)$. *!  )  /#/ '$ $) /# *. -1  -)" /* " / /# 1 -" +*2 -
+ - #-(*)$Ǚ # ' Ơ ) -$"#/ 3$. *! $"Ǚ ƸǙƱƱ */# .+) /2* *- -. *! (")$/0 
 3/'4Ǚ #$' $) /# '$) - - "$( ǚ /# ( .0-  $* +0'. (+'$/0 .#*0'  
+-*+*-/$*)' /* /# *+/$' $)+0/ +*2 -Ǚ # $.- +)$ .  /2  ) /# ($3 - )









































 Mixer (257 - 259 GHz)
 Diode (220 - 325 GHz)Ib,th
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T0 = 1/f0 = h TRF
TRF = 1/fRFTrain Gap
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Revolution frequency harmonic (h=1000)
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Revolution frequency harmonic (h=1000)
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RF frequency harmonic / h/T0
200017501500125010007505002500
Revolution frequency harmonic (h=1000)
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Multiples of Harmonic Number / h/T0
Two buckets filled slice at integer distance
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Frequency relative to local oscillator (258 GHz) / MHz
258.504258.503258.502258.501258.500258.499258.498258.497258.496
Frequency / GHz (Highband)
 LO = 258 GHz
 LO - 240 kHz
Artefact (does not change)
KARA RF: 499.72 MHz
~2.7 MHz (KARA rev. freq.)
~240 kHz
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Delay range up to 100 ps
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Conguration 1 Conguration 2
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1 10 100 1000
Wavenumber / cm
-1
100 GHz 1 THz 10 THz 100 THz
Frequency
 TDS
 FTIR, Hg lamp, 50µm mylar multilayer beamsplitter
 FTIR, Globar lamp, KBR beamsplitter
Zitex Foil G-108
Pore Size: 3-4 µm
Thickness: 200 ± 50 µm
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 600μm (+/-20μm), 25% holes
 500μm (+/-20μm), 25% holes
 400μm (+/-20μm), 22% holes
 300μm (+/-20μm), 20% holes
 200μm (+/-20μm), 20% holes (dirty)
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Several novel diagnostic systems based on the detec-
tion of coherent THz radiation are presented. Among 
others, a heterodyne setup for highest spectral resolution 
at 270 GHz and the fastest THz single-shot spectrometer
with 500 MHz repetition rate with continuous, FPGA 
based readout were developed and commissioned. 
The investigation of the photon beam properties allow 
for bunch-by-bunch and turn-by-turn diagnostics of the 
emitting electron bunches in the accelerator. It is used for
time-resolved studies of the micro-bunching instability, 
for example in the vicinity of an RF phase modulation. 
The accompanying simulations were performed with 
the Vlasov-Fokker-Planck solver Inovesa and show a 
good agreement of simulation and measurement which 
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